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Excess heat potentials

What do we mean by excess heat?
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e Conventional sources rmm———

 Rejected heat in thermal power
generation processes not absorbed as
electricity

* Rejected heat in industrial processes not
added or maintained in industrial
p ro d u Cts Waste ggétl:l;;orr‘l;::gléstry for

 Unconventional sources SR
* Rejected heat from cooling systems in

buildings, data centres, food production
and retail facilities etc.

 Heat available in metro station ventilation
exhaust air and sewage waste-water

 Electric transformers, bakeries...
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Early recognitions of excess heat in EU:

Left: Energy: Waste heat from industry to
district heating. Report EUR 8116. European
Commission, Luxembourg, 1982.

Right: Directive 2004/8/EC on the promotion
of cogeneration based on a useful heat
demand in the internal energy market...
European Parliament and the Council; 2004.
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What do we mean by excess heat recovery?
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« Sequential energy supply:

o Parallel supply structures

 The fossil economy has shaped parallel
supply structures where each activity
converts primary energy separately and
often with only partial use of the fuel
energy content

e Serial supply structures

* Feeding subsequent energy demanding
processes with excess energy from a
previous step, which reduces primary
energy demands for the sum of processes
engaged in the synergy chain (energy
cascading)

e Structural energy efficiency measure!

Source: Persson U, Werner S. District heating in sequential energy supply. Applied Energy. 2012;95:123-31.

Heating organised in parallel operation
Conventional heat energy chain with low
efficiency and high fuel demand

Thermal power
generation
/ 40-70%
Fuel supply, \
mostly fossil i
10-40% ;
fuels — ;)’;gt'zgs':; 10-40% ﬁom:ersnon
contributing eat losses
to climate /
change T Buildings to 10-50%
be heated

Heating organised in serial operation
with a district heating system for heat retrieval
Alternative, more efficient heat energy chain with lower fuel demand

Fuel supply ™ ~Thermal power
\ generation (1)
Industrial Heat losses
processes (2) Heat retrieval _ from
\ distribution

DISTRICT e
Heat retrieval from refuse HEATING

incineration (3) or geothermal
heat resources (4) or heat —_— SYSTEM

generation with non-fossil fuels \
(5) are also possible / Buildings to
Back-up boilers w2l

for system
reliability

Source: Werner S. Unpublished.
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How can excess heat be utilised?
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e Different uses:
e On-site
 Direct internal use
* Process optimisation

* Space heating
 Hot water preparation

e Industrial symbiosis

e Distribution
o District heating systems
» Space heating
e Hot water preparation
» Absorption cooling
« District energy grids
« Thermal systems

20
plrddvgie 65 '

Rotary kiln (left) and plate heat exchanger (right) for recovery of flue gas
excess heat to district heating at Portland Cement in Aalborg, Denmark.
Photos: U. Persson.
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Barriers?
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e Several, some examples:
 Invisibility

» Excess heat infrastructures and
components seldom directly visible

 Recovered energy is not allowed in
energy statistics templates

« Complexity

* Multiple actor involvement
* Local initiative and communication
» Collaboration agreements
» Allocation of synergy benefits

 Dependency on district heating
deployment for large-scale utilisation

* Infrastructure investments
* Overview planning perspective...

Wind turbines at off-shore wind park Lillgrund in Malmo,
Sweden (left) and section of absorption cooling installation
at Halmstad University, Sweden (right). Photos: U. Persson.
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Overview

e EXcess heat potentials

e The work of HRE

 Conventional excess heat sources
 Regional quantification
» Allocation mapping
« ReUseHeat — Extending the work of HRE
 Unconventional excess heat sources
* Accessible and available excess heat
« Current district heating city areas
o Spatial allocation

 Results and conclusions
* Potentials summary
 Challenges and drivers
« Recommendations
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The work of HRE

e Conventional excess heat sources

* Input data

« CO, emission data on facility level
Geographical coordinates
Standard CO, emission factors by fuel type
Main sector fuel use by Member State
Default recovery efficiencies by main sectors
e Calculations

 Primary energy supply at facility level

 Theoretical excess heat potentials
o Spatial analytics

e Locations and distances

» Allocation mapping
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e Conventional excess heat sources B
 Cogeneration (Thermal power plants)
* Main activities
o Auto-producers 2188 HREA4 facilities:
e Industrial 800 Cogeneration
ch ical d h ical 978 Industrial
. emical and petrochemica DL g e
* Food and tobacco
* Fuel supply and refineries 2450 EU28 facilities: "
e Iron and steel 924 Cogeneration
« Minina and quarrvin 1077 Industrial
9 9 ying 449 Waste-to-Energy
* Non-ferrous metals
* Non-metallic minerals
» Paper, pulp and printing ._

 Waste-to-Energy (Incineration plants)
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The work of HRE
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e Conventional excess heat sources e T v ow SR
R : e
» Default recovery efficiencies
« Standard conversion heat losses e
« Maximum theoretical potential
Main activity sector category Nheat
Thermal Power — Main Activity 50%
Thermal Power — Auto-producer 60%
Thermal Power — Waste-to-Energy 60%
Fuel supply and refineries 50%
Chemical and petrochemical 25%
Iron and steel 25%
Non-ferrous metals 25% ..
Non-metallic minerals 25%
Paper, pulp and printing 25%
Food and beverage 10%

Source: Persson, U., Moller, B., Werner, S. (2014). Heat Roadmap Europe:
Identifying strategic heat synergy regions. Energy Policy 74(0): 663-681.
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e Conventional excess heat sources
« Temperature levels (Industrial)
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Final energy [TWh]

200 -

Process heating
100-200 °C

Process heating
200-500 °C

Process heating
<100°C

Process heating
>500°C

B Food, Beverages and Tobacco2

B Other Industry

OPaper, Pulp and Printing

B Machinery and transport

Hron and Steel

ONon-ferrous metals
E Non-metallic minerals

] ® Chemical and Petrochemical
Space heating

Majority of industrial final heat demands above 100 °C.

Source: Fleiter T, Elsland R, Rehfeldt M, Steinbach J, Reiter U, Catenazzi G, et al. 2017. Deliverable 3.1: Profile of heating and cooling demand in
2015 - Data Annex [HRE4-Exchange-Template-WP3_v22b_website.xIsx]. Heat Roadmap Europe 2050, A low-carbon heating and cooling strategy.
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e Conventional excess heat sources _—  M==ie
 Theoretical potential

Table 3.2. NUTS3 regions (N3R) in the 14 HRE4 MS’s, all in study (left), all with excess heat activities in operation
(right), by population (P), heat demand in residential and service sectors (HD), primary energy supply (PES), excess
heat (EH), and references to corresponding EU28 totals. Excess heat specified by sectors: Thermal Power (TP),

HRE4 - Resource Atlas
- Excess heat activities
|- HRE4 Online map

Main excess heat r_ategnry
. Cogen 233 hent

o-Ene .
| Excess heat [PJ/a]

Industrial (IND), and Waste-to-Energy (WTE). Energy volumes in TWh/a. Population in millions 80N
)
HRE4 14 MS” s HRE4 14 MS” s with excess heat 1atio value > 0
MS | N3R P HD N3R P HD PES EH TP IND WTE
AT 35 8.6 64.5 20 6.4 48.1 112.3 38.1 9.0 24.2 4.9
BE 44 11.3 90.1 31 9.8 78.4 182.6 68.2 29.2 35.1 4.0

Ccz 14 10.5 65.9 14 10.5 65.9 207.0 90.3 73.9 15.1 1.3
DE | 402 81.2 670.4 203 51.5 424.8 1575.4 686.2 492.4 148.1 45.7
ES 522 44.3 130.8 46 42.7 125.7 420.2 174.2 108.8 62.5 2.8

50°N

Fl 19 5.5 62.9 18 54 62.6 146.7 57.9 35.5 22.0 0.4 N
FR 96° 64.3 420.6 79 59.2 388.6 421.5 156.2 50.5 79.0 26.7
HU 20 9.9 58.3 14 8.0 47.5 71.2 29.3 20.0 8.6 0.7

IT| 110 60.8 354.7 91 55.7 327.8 582.9 258.7 179.6 69.3 9.7
NL 40 16.9 118.1 25 11.8 82.2 345.3 155.3 99.5 40.9 14.9
PL 72 38.0 182.7 57 31.2 149.9 641.8 289.0 242.2 46.7
RO 42 19.9 50.8 27 14.4 36.6 138.2 56.7

SE| 21 97 823 21 97 823 1427 | 51.9 | \glaede dwisi i nig e : ":'.1.

UK | 173 64.9 378.6 86 34.9 204.6 700.5 313.8

1630.1 657.5 138.2

HRE4 | 1140 445.7 2730.8 732 351.2 2124.9 5688.3 | 2425.8

Share [%] | 100 100 100 64 79 78 100 100 67 27 6 { %

EU28 (Ref.) | 1328° 503.7 2977.4 833 393.2 2316.7 6404.6 | 2729.5 | 1853.8 731.5 144.2 0 5‘3’5‘?@*5%"«, 1 000 Kilreh
Share of Ref. 86 88 92 88 89 92 89 89 88 90 96 Ha.msﬁmng;:; i mn{ .

S

Data sources: E- me{w&g[[ﬁ 2015, HRE WTE List v5
- BT NUT‘z dala E gt m-n:r he |

Source: Persson U, Méller B, Wiechers E. Methodologies and assumptions used in the mapping. Deliverable 2.3 o RE

methodology and assumptions used in the mapping. August 2017. Heat Roadmap Europe 2050, A low-carbon héd

- This project has received funding from the European MaX|mum theoretlcal pOtentlalsl www.reuseheat.eu
Union’s Horizon 2020 research and innovation

programme under grant agreement No 767429. U. Persson/HRE4/ReUseHeat/Brussels/2019-02-13 @ReUseHeat
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= 470
« Conventional excess heat sources §
UK
 Theoretical potential : [p—
Count of Primary energy supply  Excess heat | Excess heat | | F
Main sector Facilities [P)/a] (100%) [PJ/a] | (25%) [P)/a] = F i
Chemical and petrochemical 202 1590 397 99 -
Food and tobacco 47 139 14 3 R m i
Fuel supply and refineries 90 1645 822 206 NL - 559
Iro‘n.and steel ‘ 108 1819 455 114 . E .
Mining and quarrying 21 109 11 3 Lk Distribution:
Non-ferrous metals 31 126 31 8 BE E N
Non-metallic minerals 324 1742 436 109 fl E 208 8 : . -
Paper, pulp and printing 155 802 201 50 o [ Industrial — 27%
Thermal Power - AP 37 301 180 45 i Waste-to-Energy — 6%
Thermal Power - MA 762 11376 5688 1422 se [l 187
Thermal Power - WtE 411 829 498 124 AT E4137
Grand Total 2188 20478 8733 2183 b
HU FZG
Source: Persson U, Moéller B, Wiechers E, Grundahl L. Map of the heat synergy regions and the cost to expand district heating and cooling in all 14 Ex,cess e "T'Ote“t'al - : .
MS. Accessing the outputs of D2.2. Deliverable 2.2. Heat Roadmap Europe 2050, A low-carbon heating and cooling strategy. 2017. ":100% of thecretical potentiol 25% of thegretical potential

This project has received funding from the European WWW reuseheat eu
Union’s Horizon 2020 research and innovation ’ ’
programme under grant agreement No 767429. U. Persson/HRE4/ReUseHeat/Brussels/2019-02-13 @ReUseHeat REUSEHEQT



#ReUseHeat #excessheat #wasteheat #districtheating #districtenergy #energyefficiency #H2020Energy #ResearchlmpactEU

The work of HRE

 Regional quantification
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* Regional guantification
* NUTSS3 regions
e Building heat demands
» Excess heat activities (Conventional)
« District heating systems
o Spatial analytics
 Towards allocation mapping...

 Excess heat ratio
 Excess heat by heat demands

* Indicative

-0 E ecessteatrs
No activity 7] HDResAndServPJ
Non EU27 B countOfsystemiD

Source: Persson, U., Mdller, B., Werner, S. (2014). Heat Roadmap Europe: Identifying strategic heat synergy regions. Energy Policy 74(0): 663-681.
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 Regional quantification m Excess heat: Thermal power = Excess heat: Industrial

» NUTSS3 regions
* Building heat demands 3000 | ;
» Excess heat activities (Conventional) 2500 =
« District heating systems = 2000 X

e Spatial analytics = 1500
 Towards allocation mapping... 1000 =
« Excess heat ratio 500 -

» Excess heat by heat demands 0 | f
« Indicative Expansion New Development  Refurbishment
e Member state categories by CUrrent  cmomsn  ocemmmse o7 Veygh  omted
district heating deployment levels Niiiiasal MBEEANIR = owormedun  incuded
e I B B

Source: Persson, U., Méller, B., Werner, S. (2014). Heat Roadmap Europe: Identifying strategic heat synergy regions. Energy Policy 74(0): 663-681.
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» Allocation mapping
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» Allocation mapping

 Demand and infrastructure "
 Heat demand densities -

This project has received funding from the European
Union’s Horizon 2020 research and innovation
programme under grant agreement No 767429.
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» Allocation mapping

e Demand and infrastructure
« Heat demand densities
 Heat distribution investment costs

* Prospective Supply Districts (PSD)
« Heat demand density above 20 TJ/km?
« —~50,000 in the 14 HRE4 MS

;

s
. a— = Lo 771
Sources: Esri, HERE, Gatmin, Intem Il\}?ﬂl{ it P'Corp, GEBCO, USGS. FAO, NPS, NRCAN, GeoBase, IGN
Kadaster NL. Ordnance Survey, ﬁaﬁl
S i

Source: Image print-out from the Pan-European Thermal Atlas (PETA 4.3), February 2019.
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» Allocation mapping

e Demand and infrastructure
« Heat demand densities
 Heat distribution investment costs

* Prospective Supply Districts (PSD)
« Heat demand density above 20 TJ/km?
« —~50,000 in the 14 HRE4 MS

e Supply sources
« Excess heat activities (Conventional) iy
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The work of HRE

® A”OCation mapplng Baseload share, %

) -<2.5%

e Demand and infrastructure :
« Heat demand densities

 Heat distribution investment costs

* Prospective Supply Districts (PSD)
« Heat demand density above 20 TJ/km?
« —50,000 in the 14 HRE4 MS

e Supply sources
» EXxcess heat activities (Conventional)

o Spatial analytics
» Baseload factor

Source: Moller B, Wiechers E, Persson U, Grundahl L, Sggaard Lund R, Vad Mathiesen B. Heat Roadmap Europe:
- This project has received funding from the European Towards EU-Wide, Local Heat Supply Strategies. Submitted to Energy, December 2018. Under review. WWW.reuseheat.eu
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The work of HRE

» Allocation mapping

e Demand and infrastructure
« Heat demand densities
 Heat distribution investment costs

* Prospective Supply Districts (PSD)
« Heat demand density above 20 TJ/km?
« —~50,000 in the 14 HRE4 MS

« Supply sources cE

- v Allocated DHS

« Excess heat activities (Conventional) | = nsocstlifis
e Spatial analytics Road network

| pHs -
» Baseload factor oo
» Network allocation analyses (PSD) [ e A
 Baseload supply (Industrial and WtE) [ ——

« Seasonal load supply (Cogeneration)

Source: Moller B, Wiechers E, Persson U, Grundahl L, Sggaard Lund R, Vad Mathiesen B. Heat Roadmap Europe:
- This project has received funding from the European  Towards EU-Wide, Local Heat Supply Strategies. Submitted to Energy, December 2018. Under review. WWW.reuseheat.eu

Union’s Horizon 2020 research and innovation
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The work of HRE

e AI I O Cati O n m ap p i n g Heat demand District heat Excess heat ( Excess heat \

[P)/a] (net) (net) (net) (gross)
P Demand and Infrastructu re MS  Total Urban Rural Urban Baseload Seasonal! Baseload Seasonal
AT 232 177 55 122 9 70 12 96
e Heat demand densities BE 324 275 49 165 4 95 6 129
) ) ] ] cZ 237 184 53 147 16 70 22 95
 Heat distribution investment costs DE 2413 2089 325 1589 143 759 195 1035
] ] ] ES 491 413 78 349 23 219 31 298
e PrOSpeCtIVG Supply DIStI’ICtS (PSD) FI 226 176 50 126 3 109 4 149
« Heat demand density above 20 TJ/km2 [ 163 1213 350 779 — — — —
HU 209 177 32 82 3 41 4 56
« —50,000 in the 14 HRE4 MS IT 1285 1081 203 924 36 494 49 673
NL 426 376 50 276 18 98 24 134
® Supply sources PL 658 442 216 342 17 216 23 294
.. ] RO 183 117 66 81 3 52 4 71
» EXxcess heat activities (Conventional) SE 206 237 59 183 21 136 29 185
- - UK 1365 1198 167 630 62 155 85 212
° Spatlal analyt|CS 9909 8154 1754 5798 425

2900 3954

 Baseload factor Note:

e Network allocation analyses (PSD) Additional aIIocat.ion modeIIi-ng for the 14 Member Statgs has
B load | Ind il d WtE been performed in WP6 (national energy system modelling).
» Baseload supply (Industrial an _ tE) Results presented in HRE4 country reports and Deliverable D6.4!
« Seasonal load supply (Cogeneration)

Source: Moller B, Wiechers E, Persson U, Grundahl L, Sggaard Lund R, Vad Mathiesen B. Heat Roadmap Europe:
- This project has received funding from the European  Towards EU-Wide, Local Heat Supply Strategies. Submitted to Energy, December 2018. Under review. WWW.reuseheat.eu

Union’s Horizon 2020 research and innovation
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Overview

e EXcess heat potentials

« ReUseHeat — Extending the work of HRE
 Unconventional excess heat sources
* Accessible and available excess heat
« Current district heating city areas
o Spatial allocation

 Results and conclusions
* Potentials summary
 Challenges and drivers
« Recommendations

This project has received funding from the European WWW reuseheat eu
Union’s Horizon 2020 research and innovation ’ ’
programme under grant agreement No 767429. U. Persson/HRE4/ReUseHeat/Brussels/2019-02-13 @ReUseHeat
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ReUseHeat — Extending the work of HRE

 Unconventional excess heat sources
e Four source categories in the project
 EXcess heat temperatures below 50°C

Source Recovery type Temperature Temporality Temporality Heat pump conversion
range (diurnal) (seasonal) type

Data centres Server room air 25°C - 35°C Principally Principally Air-to-Water
cooling systems constant constant

Metro stations Platform ventilation 5°C-35°C Variable Variable Air-to-Water

exhaust air

Service sector Central cooling 30°C - 40°C Variable Variable Liquid-to-Water

buildings devices

Waste water Post-treatment 8°C-15°C Principally Principally Water-to-Water

treatment plants sewage water constant constant

Source: Persson U, Averfalk H. Accessible urban waste heat. Deliverable 1.4. ReUseHeat. Recovery of Urban Excess Heat. 2018.

= S5
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ReUseHeat — Extending the work of HRE

e Accessible and available excess heat

e Accessible excess heat

 Heat rejected from the condenser side of any given
compressor heat pump

« Sum of available excess heat and electric energy (W)
introduced to the process

« Equivalent to Q,,
e Available excess heat

 Heat available at a source and recoverable at the
evaporator side of any given compressor heat pump

 Equivalent to O,

Significance: By distinguishing between available and accessible excess

heat, a vocabulary is given which recognises that the presence of an
asset is something quite different from the marketing of a product.

This project has received funding from the European
Union’s Horizon 2020 research and innovation
programme under grant agreement No 767429. U. Persson/HRE4/ReUseHeat/Brussels/2019-02-13

Qn

Heat pump W

lQL

TL

Source: Persson U, Averfalk H. Accessible urban
waste heat. Deliverable 1.4. ReUseHeat.
Recovery of Urban Excess Heat. 2018.

wwWw.reuseheat.eu
@ReUseHeat REUSEHEQT
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ReUseHeat — Extending the work of HRE

e Current district heating city areas

o Spatial dimension (local conditions)
« UMZ: Urban Morphological Zones
* Clusters of urban settlements
« Combined with district heating database

 Current systems (EU28): —4100
o Current UMZDH areas (EU28): 3280
o Spatial operation
 Source distances to current UMZDH
* Inside
+ 2 kilometres (default)
« 5 kilometres e vl

M Heat densities above 120 TJ/km2
CJUMZDH polygon area

10 kilometres
e Potentials summarised for all settings

This project has received funding from the European WWW reuseheat eu
Union’s Horizon 2020 research and innovation ’ ’
programme under grant agreement No 767429. U. Persson/HRE4/ReUseHeat/Brussels/2019-02-13 @ReUseHeat
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ReUseHeat — Extending the work o

e Spatial allocation
 Data centres

* Average shares of electricity consumption
(literature sources) combined with energy

statistics

 65% of electricity consumption for IT-
equipment assumed available (=Q))

Geographical data on facility locations
 World Data Center Map
« —1300 EUZ28 facilities

General sector confidentiality
Lack of quantitative data at site level
Spatial correlation to current district heating

city areas

« —80% of centres located inside or within 2
kilometres of current district heating city areas!

This project has received funding from the European
Union’s Horizon 2020 research and innovation
programme under grant agreement No 767429.
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Data centres
EU28

- Locations

All systems

With P_tot data

B Without P_tot data
NUTS3 regions - EU28

U. Persson/HRE4/ReUseHeat/Brussels/2019-02-13

Source: Persson U, Averfalk H. Accessible urban waste heat. Deliverable 1.4.
ReUseHeat. Recovery of Urban Excess Heat. 2018.

www.reuseheat.eu
@ReUseHeat
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ReUseHeat — Extending the work ofr!-l

o, —

e Spatial allocation

e Metro stations

» Georeferencing of station locations

« 37 cities operating heavy rail systems in EU28

« +3000 stations in all

« —2000 metro stations
Literature studies

« Station average air flows, capacities, relations etc.
Meteorological data

 Monthly averages of temperatures and humidity

Sensible and latent heat

* Cooling of exhaust air not below 5°C to avoid freezing on
evaporator walls

Spatial correlation to current district heating areas
« 31 cities with district heating systems
e 1860 underground stations

Source: Persson U, Averfalk H. Accessible urban waste heat. Deliverable 1.4.
ReUseHeat. Recovery of Urban Excess Heat. 2018.

This project has received funding from the European WWW reuseheat eu
Union’s Horizon 2020 research and innovation ’ ’
programme under grant agreement No 767429. U. Persson/HRE4/ReUseHeat/Brussels/2019-02-13 @ReUseHeat
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ReUseHeat — Extending the work of HRE

« Spatial allocation R  gwhE > f
 Service sector buildings R b o Rl

 Data on service sector floor areas
« Hotmaps: “gfa_nonres_curr_density” dataset
« Spatial data by hectare resolution

 Cooling demand data by member states
 HRE4, WP3
» Specific cooling demands
» Shares of cooled areas (saturation rates)
« Seasonal energy efficiency ratio et
» Raster calculations : b
. “ e o= . . _“”'__, EGJQ.ZIh 4290
* High sensitivity to temporal dimension i i
. Spatial correlation to current district heating = =7 47 Doy e
City areas Q ol Sy
* Inside ReUseheat. hecovery of rban Excess et 3018, e
- Thisprojec nas receved funding from ihe European www.reuseheat.eu
programme under grant agreement No 767429. U. Persson/HRE4/ReUseHeat/Brussels/2019-02-13 @ReUseHeat
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ReUseHeat — Extending the work of HRE

e
e o ﬁ"’?r—"?.—f——- —_|RelseHeat

- Urban Waste Water Treatment Plants

-EU28

|- Ré: Accessible excess heat
“Q;:i-QH_[FJJa] o

|- Inside or within 2 km from DH area

e Spatial allocation oy
 Waste water treatment plants

QH_4_EHI_COP30_PJ_
* <05
| ® 05-10

® 10-50

 Best-fit linear regression function from a g 3 oy o | @ so-o
reference model applied to facilities recorded (e

in the EEA database:
» Reference model

 Time-series data from 20 Swedish district
heating operators and corresponding
sewage facilities

 Waterbase-UWWTD_v6 dataset (EEA)
* Plant capacities
« Site coordinates
 Adjustment to seasonality of heat demands

« Spatial correlation to current district heating
city areas

REUSEHEQT

Source: Persson U, Averfalk H. Accessible urban waste heat. Deliverable 1.4.
ReUseHeat. Recovery of Urban Excess Heat. 2018.

This project has received funding from the European WWW reuseheat eu
Union’s Horizon 2020 research and innovation ’ ’
programme under grant agreement No 767429. U. Persson/HRE4/ReUseHeat/Brussels/2019-02-13 @ReUseHeat
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ReUseHeat — Extending the work of HRE

e Spatial allocation
. Data centres All facilities 2 kilorr etresanMZHD
[PJ/a] Number QL QH Number QL QH
» Top-down assessment (COP 3.0) (COP 3.0)
- Data Centres 1269 228 342 997 180 271
* Metro stations Metro Stations 1994 35 53 1854 | 32 49
» Station values by city averages Service Sector - 536 804 - 194 292
since no data on unique station Buildings
traffic intensities Waste water 23189 763 1144 3982 | 417 625
« Service sector buildings A A
Total 26452 1563 2344 6833 | 824 1236
 Shares of cooled floor areas Share 26% | 53% 53%
applied uniformly Note:
 \Waste water plants Additional allocation modelling for the demo site Member States
« Conservative assessment since & currently being performed in Task 1.3 (national energy system

based on lowest projection modelling) and Task 1.4 (demo cities modelling).
towards benchmark level Results to be found in ReUseHeat Deliverables D1.5 and D1.6!

programme under grant agreement No 767429. U. Persson/HRE4/ReUseHeat/Brussels/2019-02-13 @ReUseHeat
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Overview

e EXcess heat potentials

 Results and conclusions
* Potentials summary
 Challenges and drivers
« Recommendations

This project has received funding from the European WWW. reuseheat_eu
Union’s Horizon 2020 research and innovation :
programme under grant agreement No 767429. U. Persson/HRE4/ReUseHeat/Brussels/2019-02-13 @ReUseHeat REUSEHEQT




#ReUseHeat #excessheat #wasteheat #districtheating #districtenergy #energyefficiency #H2020Energy #ResearchlmpactEU

Results and conclusions

e Potentials summary

« Conventional sources
« Maximum theoretical potentials

Conventional (PSD):
Baseload (Industrial & WtE): 579 PJ/a

« Default recovery efficiencies Seasonal (Cogeneration): 3954 PJ/a
* Regional potentials Unconventional (Available):
« Quantification by NUTS3 regions Inside or 2 km from DH area: 824 PJ/a
* Prospective supply districts (PSD)
potentials z L eenten)
. . onventiona eat output):
AIIocat_lon by baseload and seasonal load Cogeneration: 1654 PJ/a (IEA, 2014)
e Unconventional sources of which: Waste-to-Energy: ~170 P)/a
» Accessible potential (usable heat) Industrial: ? (~25 PJin 2008)
« Output from large-scale heat pumps Unconventional (Available):

Inside or 2 km from DH area: ?

* Available potential (resource heat)

* Input to large-scale heat pumps or other
recovery technologies

This project has received funding from the European WWW reuseheat eu
Union’s Horizon 2020 research and innovation ’ ’
programme under grant agreement No 767429. U. Persson/HRE4/ReUseHeat/Brussels/2019-02-13 @ReUseHeat REUSEHEQT
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Results and conclusions

e Challenges and drivers
 Challenges

 World market energy prices
 EXposure to electricity prices

e Infrastructure investments
 Heat distribution & heat pumps

« Multiple business objectives

e Drivers
 High heat densities in inner city areas
 New business models and practises

« Consumer choices in heat distribution : | , ‘
i Demand_drlven Utilisatlon Source:Imageprint—outfromthePan—IEuropeanThermal,;tlas(PETA4.3c;,HFebruary2?)19 yl

This project has received funding from the European WWW reuseheat eu
Union’s Horizon 2020 research and innovation ’ ’
programme under grant agreement No 767429. U. Persson/HRE4/ReUseHeat/Brussels/2019-02-13 @ReUseHeat




#ReUseHeat #excessheat #wasteheat #districtheating #districtenergy #energyefficiency #H2020Energy #ResearchlmpactEU

uuuuuuu

e Challenges and drivers
 Challenges

Trldalen

 World market energy prices
 EXposure to electricity prices W

* Infrastructure investments
 Heat distribution & heat pumps

« Multiple business objectives

e Drivers B

 High heat densities in inner city areas ‘

 New business models and practises

« Consumer choices in heat distribution

fiarmosse n

21 Kada}ié NL Ordnanc. ari G:‘Ba( ' po, © c')pmﬂr;;:j:‘p
. I . 0o GF o X qacm c GIS User Community
i Demand_d rlven Utlllsatlon Source: Image print-out from the Pan-European Thermal Atlas (PETA 4.3), February 2019.

This project has received funding from the European WWW reuseheat eu
Union’s Horizon 2020 research and innovation ’ ’ :
programme under grant agreement No 767429. U. Persson/HRE4/ReUseHeat/Brussels/2019-02-13 @ReUseHeat REUSEHEQT
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Results and conclusions

« Recommendations
 Modelling and mapping tools — Yes!
« But calls for dedicated cooperation across sectors!
* Regional energy planning
* Informed decision-making involving all actors
» Allocation of synergy benefits
* A good deal for all involved!

* A transition from parallel to serial supply structures can:
« Build on existing technologies
 But exceeds pure technical dimensions...

“Injure no one; on the contrary, help everyone as much as you can.”

A. Schopenhauer (1840), On the Basis of Morality.

This project has received funding from the European WWW/. reuseheat_eu
Union’s Horizon 2020 research and innovation
programme under grant agreement No 767429. U. Persson/HRE4/ReUseHeat/Brussels/2019-02-13 @ReUseHeat REUSEHEQT
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Thank you!

Questions?

ReUseHeat Online Survey:
Gathers experiences from
existing unconventional excess
heat recovery projects.
Participate at:

Dr. Urban Persson
urban.persson@hh.se
School of Business, Engineering and Science
Halmstad University, SWEDEN

See also:
ReUseHeat: http://reuseheat.eu
Heat Roadmap Europe: http://heatroadmap.eu
Pan-European Thermal Atlas: https://heatroadmap.eu/petad/

This project has received funding from the European WWW/. reuseheat_eu
Union’s Horizon 2020 research and innovation
programme under grant agreement No 767429. @ReUSeHeat REUSEHEQT
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